Object. Dural closure with synthetic grafts has been suggested to contribute to the incidence of infection and CSF leak. The objective of this study was to assess the contribution of choice of dural closure material, as well as other factors, to the incidence of infection and CSF leak.
t the conclusion of craniotomy procedures, it is common practice to reapproximate the dura to mitigate the leakage of CSF. Dural closure also limits muscle and epidural scar tissue from coming into contact with the brain following the operation. Duraplasty occurs by reapproximation of the dural edges with suture (primary closure) or by interposing a graft material between the dural defect (secondary closure). Duraplasty materials vary from autologous substances, such as pericranium 30 and fat, 34 to synthetic, such as acellular human dermis 32 or collagen matrix. 24, 25 Variations in technique exist, including "watertight" closure and "onlay" type repairs. 3, 27 Duraplasty material and/or technique is driven primarily by surgeon preference, as the literature is fraught with contradictory reports regarding their safety and efficacy. A commonly used safety endpoint is the occurrence of a postoperative infection. While some studies report an association between synthetic dural grafts and infection, 18 others report no such difference. 1 The efficacy of a dural closure technique relates to its ability to prevent a CSF leak. However, several studies have reported that a watertight closure is not necessary for supratentorial surgery. 3, 26 These 2 outcomes, infection and CSF leak, can also be dependent variables, such that infection is sometimes believed to result in CSF leak, 29 and vice versa. 22 The incidence of complications in elective cranial neurosurgery associated with dural closure material Thus, in deciding whether to use a synthetic dural substitute, the surgeon must weigh the potential benefit of improved dural closure compared with primary closure against the potential increase in infection associated with the implantation of an artificial material. Therefore, to study the outcomes for dural closure, one must account for potential confounders of infection and CSF leak such as diabetes mellitus, postoperative radiation therapy, extended duration corticosteroid treatment, and site of surgery among others. 31 We hypothesize that after considering multiple potential confounding variables, the material used to repair the dura in elective cranial operations does not influence the rate of infection or CSF leak.
Methods

Inclusion and Exclusion Criteria
Following Institutional Review Board approval, a consecutive retrospective cohort study was established of patients undergoing elective craniotomy between April 2010 and March 2011 at a single institution (Massachusetts General Hospital). During this time, multiple surgeons performed a duraplasty with material and technique of their own choice. Inclusion criteria consisted of age greater than 18 and supra-or infratentorial surgery that required an intradural component. Exclusion criteria consisted of bur hole placement alone and the presence of temporary CSF diversion, via either a lumbar drain or a ventriculostomy. Additionally, trauma patients were excluded, as were those who underwent an operation for infectious lesions (such as subdural empyema).
Clinical Variables
Clinical characteristics were recorded and consisted of age, sex, American Society of Anesthesiologists (ASA) physical status classification system score, body mass index (BMI), and having an intensive care unit (ICU) admission in the previous 12 months. Other clinical variables recorded included cigarette smoking, diabetes mellitus, reoperation status (having a prior operation at the same site), and admitting status (inpatient or same day admission).
Details of the operation were recorded including estimated blood loss (EBL, agreed by surgeon and anesthesiologist), length of operation, anesthesia type (general anesthesia or monitored anesthesia care), operative category (tumor, vascular, functional/congenital, or subdural electrocorticography [ECoG] ), operative location (supra-or infratentorial), and dural closure method (primary closure/autograft or allograft). The intraoperative goal or assessment of "watertight" closure for supratentorial operations was not able to accurately assessed in a retrospective fashion. All infratentorial operations were closed with the goal of watertightness.
Details of nonsurgical treatments included identification of pre-or postoperative chemotherapy and radiation therapy. If corticosteroids were prescribed, the duration was recorded and categorized into short (≤ 8 days) or extended (> 8 days) duration treatment.
Outcomes
Complications from the operation were recorded as either no complication, developing a CSF leak (transdermal leakage of CSF), or developing an infection based on Centers for Disease Control and Prevention standards for surgical site infection. 12 Follow-up data were recorded based on the most recent physician evaluation.
Statistical Analysis
Statistical analysis was performed using the R programming environment. Logistic regression analyses were performed to determine the variables associated with CSF leak and infection. Significance was predefined at p < 0.05 (2-tailed). Multivariate models were constructed using the least-squares method.
Results
Three hundred ninety-nine patients were included with a mean follow-up (mean ± SEM) of 396.6 ± 15.5 days (Table 1) . Nonautologous dural substitute was more likely to be used (n = 106) in cases of reoperation (p = 0.001). Seventeen patients developed a surgical site infection and 12 developed a CSF leak. Univariate logistic regression analysis identified BMI, diabetes mellitus, nonautologous dural closure method, and EBL as having a significant association with infection. Similarly, univariate predictors of CSF leak were found to be length of operation, infratentorial location, and postoperative corticosteroid treatment greater than 8 days (Table 2) .
To account for the influence of multiple potential confounders, a multivariate logistic regression analysis was performed for both infection and CSF leak. Estimated blood loss (OR 1.002, 95% CI 1.001-1.003; p < 0.001) and cigarette smoking (OR 2.198, 95% CI 1.109-4.238; p = 0.019) were significant predictors of infection. Synthetic dural graft was not a predictor of infection in multivariate analysis ( 
Discussion
Complications following elective neurosurgery occur infrequently, but can lead to significant morbidity and mortality. Investigations into CSF leak or surgical site infection rarely identify a specific antecedent risk, making it difficult to establish causality. Postoperative infections following elective craniotomy are likely multifactorial. Similarly, CSF leak occurrence is likely rooted in several factors that impair wound healing, as it has been shown that even watertight closures are not necessary to prevent their occurrence in many cases. 3, 27 Nevertheless, synthetic dural grafts are sometimes implicated when postoperative complications occur. In this study, we analyzed a cohort of patients undergoing elective cranial operations to determine the association of dural graft material with infection and CSF leak, taking into consideration potential confounding variables in a multivariate logistic regression analysis. We found that synthetic dural graft material was not associated with an increased risk of infection and reduced the likelihood of CSF leak.
Of the factors examined, EBL was found to be associated with surgical site infection, consistent with reports of other surgical populations. 26, 33 While the transfusion threshold used for patients is variable, severe, acute, blood loss anemia associated with craniotomy is treated with blood product transfusion, another known risk factor for postoperative infection. 8, 11 We did not assess transfusion requirement as an independent variable because transfusion protocols are individualized to a variety of patient factors. We acknowledge that estimation of blood loss for any given surgical procedure is both poorly reproducible and typically underestimated. 4 Another more robust factor associated with infection was cigarette smoking (Table 5). This finding is consistent with prior evidence that smoking impairs wound healing and predisposes one to infection. 20, 21, 28 We also found that the occurrence of CSF leak was associated with infratentorial surgery and extended treatment with corticosteroids, and that use of a synthetic dural graft decreased the likelihood of occurrence ( Table  6 ). These findings are consistent with a large body of experience describing CSF leak rates following infratentorial procedures of 8%-17%. 5, 9, 10, 16 Infratentorial surgery predisposes a patient to CSF leak because the hydrostatic pressure of the fluid column places additional stress upon the suture line. The association between prolonged postoperative steroid duration and CSF leak likely comes from the immunosuppressive properties of corticosteroids that can interfere with normal wound healing. 14, 19 Previous studies have reported no increased risk of CSF leak, 13 as well as increased risk of CSF leak or "hydrodynamic complications" with synthetic dural grafts. 23 We observed a decreased likelihood of CSF leak with the use of synthetic dural grafts. Possible explanations for this finding include variability of autograft quality (suboptimal availability or robustness to suturing) versus standardized allograft quality, or even the induction of a local inflammatory response.
Any foreign material implanted into the body stimulates a host response that varies based on the material implanted. 6, 15 Animal models suggest that synthetic materials demonstrate varying levels of host cell infiltration, neovascularization, and graft resorption over time. 6, 15 Whether this property confers a susceptibility to infection is not supported or refuted by randomized trials. Our analysis of dural closure material suggests that patient-centered factors are influential in the development One strength of the current study is the relatively long-term follow-up interval, which allows time for indolent organisms to present with infection outside of the immediate postoperative period. 17 It is possible for surgical site infections to manifest months to even years postoperatively. Additionally, our multivariate analysis takes into account concurrent factors that are known or suspected to contribute to outcomes. Limitations of this study are related mainly to its retrospective nature. Use of a comprehensive operative log, standardized definitions of variables, and a detailed electronic medical record help to limit some of the shortcomings of a retrospective study design. Specifically, documentation of a dural graft was verified between the surgeon's operative note, the operative nursing record, and billing codes to mitigate recall and selection bias. Furthermore, the results are not necessarily generalizable at different institutions, which may have different patient management protocols. Studies encompassing a larger cohort of patients are necessary to sufficiently power a meaningful analysis of individual subtypes of dural graft material and surgeon/institution specific variability. In addition to clinical effectiveness, future study should focus on the cost-effectiveness of synthetic dural grafts.
Conclusions
The use of synthetic material for dural closure is not a predictor of surgical site infection and is associated with a reduced incidence of CSF leak. Dural closure is performed with different techniques, materials, and protocols, and the optimal combination has yet to be elucidated. Modifiable risk factors exist for craniotomy complications that warrant vigilance and further study.
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